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Description 


The present invention relates to armament sys- 
tems and particularly to apparatus for automating 
the handling of large caliber ammunition for turret- 
mounted cannons carried by armored vehicles, 
such as tanks. 


Background of the Invention 


Considerable efforts by armament manufactur- 
ers throughout the world have been devoted to 
developing automated apparatus for handling am- 
munition for large field weapons. This is particularly 
so in the case of mobile direct-fire weapons carried 
by armored vehicles, such as tanks. Presently the 
tasks of withdrawing ammunition rounds or shells 
from magazine storage and loading them into the 
breech of a tank cannon are almost universally 
being accomplished manually. A person performing 
the duties of a gun loader is thus an essential 
member of a military tank crew. To accommodate 
his movement in retrieving shells from a magazine 
and ramming them into the cannon breech, consid- 
erable space must be allotted for these activities 
within the tank, more typically within the revolving 
gun turret of the tank. Adequate headroom should 
be provided so the gun loader can work standing 
up. Unfortunately, this increases the vertical profile 
of the tank and thus its size as a target to hostile 
fire. The turret must, therefore, be heavily armored 
to maximize tank and crew survivability against 
enemy fire. Of course, heavy armor plating adds 
tremendously to the weight of a tank, which then 
requires a larger power pack, drive train, and sus- 
pension. 

The factors of greater overall profile and the 
consequences thereof, the elimination of a gun 
loader and the consequent space savings, and the 
prospect of higher firing rates have heretofore been 
the primary motivations for developing a satisfac- 
tory autoloader for tank cannons. 

Of the numerous autoloaders seen in the prior 
art, most are highly complex, extraordinarily space- 
consuming, difficult to maintain and susceptible to 
frequent malfunction. Many of the existing designs 
require that the cannon return to a predetermined 
position, particularly in elevation, before automated 
loading can be effected. Thus, the cannon must be 
repeatedly removed from the target for reloading 
and returned for firing, a significant detriment to 
firing rate. 

FR-A-396 355 discloses an automated appara- 
tus for loading shells according to the preamble of 
claim 1. The present invention is characterized by 
the features of the characterizing portion of claim 1. 

In accordance with the present invention, there 
is provided improved apparatus for feeding and 
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loading ammunition rounds or shells into a tank 
cannon without human intervention. The autoloader 
apparatus of the invention operates to retrieve can- 
non shells from a magazine, convey the shells to 
the cannon and ram them into the cannon breech, 
all on an automated basis. The autoloader is of an 
extremely compact construction to operate within 
an extraordinarily small space envelope. Positive 
control of each shell is maintained throughout the 
process to ensure reliable handling while the tank 
is travelling over rough terrain. The capability of 
loading the cannon regardless of its position in 
azimuth and elevation provides for а significant 
improvement in firing rate. Moreover, the auto- 
loader of the present invention permits retrieval of 
a shell from a magazine with a previously loaded 
shell in the cannon breech and ready to fire, thus 
permitting the step of transferring a shell from the 
magazine to the cannon to be conducted at a 
reduced pace, thereby minimizing autoloader pow- 
er requirements without jeopardizing firing rate. 


Brief Description of the Drawings 


For a full understanding of the nature and ob- 
jects of the invention, reference may be had to the 
following Detailed Description taken in conjunction 
with the accompanying drawings, in which: 

FIGURE 1 is a perspective view, partially broken 
away, of an armored vehicle equipped with an 
overhead gun served by automated ammunition 
loading apparatus constructed in accordance 
with one embodiment of the present invention; 
FIGURE 2 is a simplified side elevational view, 
partially broken away, schematically illustrating 
in phantom the articulation of a shell achieved 
by the autoloading apparatus of FIGURE 1 dur- 
ing movement between an ammunition storage 
magazine and the gun; 

FIGURE 3 is a simplified side elevational view 
illustrating the autoloading apparatus of FIGURE 
1 in its latched magazine position; 

FIGURE 4 is a simplified side elevational view 
illustrating the autoloading apparatus of FIGURE 
1 in a position between the magazine and gun 
loading positions; 

FIGURE 5 is a fragmentary side elevational view 
illustrating the trolley and rammer in their rela- 
tive positions when the autoloading apparatus of 
FIGURE 1 assumes its gun loading position; 
FIGURE 6 is an rear end view, partially in sec- 
tion, of the rammer of FIGURE 1; 

FIGURE 7 is a perspective view of the rear 
stage of the rammer of FIGURE 6; 

FIGURE 8 is a magnified perspective view of a 
portion of the rear rammer stage of FIGURE 7; 
FIGURE 9 is a fragmentary plane view illustrat- 
ing details of the forward stage of the rammer; 
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FIGURES 10 and 11 are fragmentary plan views 
in time line relation to illustrate the transfer of a 


shell from the rear to the forward rammer 
stages; 
FIGURE 12 is a perspective view, partially 


broken away, of a military tank equipped with 
automated loading apparatus constructed in ac- 
cordance with an alternative embodiment of the 
present invention; 
FIGURE 13 is a side elevational view, partially 
broken away, of the autoloading apparatus of 
FIGURE 12; 
FIGURE 14 is a plane view of the autoloading 
apparatus of FIGURE 12, seen in its cannon 
loading position; 
FIGURE 15 is a side view similar to FIGURE 13 
illustrating the capability of the autoloading ap- 
paratus of FIGURE 12 to access ammunition 
magazines located in rearward hull and turret 
bustle storage areas; and 
FIGURES 16 and 17 are side views, partially in 
longitudinal section, of a rammer included in the 
autoloading apparatus of FIGURE 12 and illus- 
trating respective retracted and extended con- 
ditions thereof. 
Corresponding reference numerals refer to like 
parts throughout the several views of the drawings. 


Detailed Description 


The autoloading apparatus in accordance with 
one embodiment of the present invention, generally 
indicated at 20 in FIGURE 1, is illustrated in its 
application to an armored vehicle or tank 22 having 
a revolving turret, generally indicated at 24, whose 
roof 26 is essentially flush with the tank deck 28. 
Supports 30, upstanding from the turret roof, 
mount, via trunnions 34, an overhead cannon or 
gun 32 for azimuthal movement with the turret and 
independent elevational movement about the trun- 
nion axis. Affixed to the gun in enclosing relation 
with its breech end 36 is an armored weapon pod 
38 having a chute 40 communicating the pod inte- 
rior with the turret interior or basket through a turret 
opening 42 (FIGURE 2). Autoloader 20 includes a 
trolley 44 equipped to run in opposed, arcuate 
guide tracks 46 mounted to sidewalls of chute 40; 
the guide tracks having a constant radius of cur- 
vature centered on the gun elevation axis con- 
stituted by the trunnions. The trolley mounts a 
rammer 48 for engagingly controlling a shell 50 
through a feedpath illustrated in FIGURE 2 during 
trolley movement along the guide tracks between a 
gun loading position illustrated in FIGURE 1 and a 
magazine position illustrated in FIGURE 3. In the 
gun loading position, the rammer is oriented to 
align the shell with the gun boreline so that it can 
be rammed into breech 36 by the rammer. In the 
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magazine position releaseably fixed to the turret by 
a solenoid actuated latch 51 (FIGURE 4), the ram- 
mer is oriented to acquire control of and retrieve a 
shell from a rotating drum magazine 52 presented 
by a tilted up tube 54 when oriented in the twelve 
o'clock position by a suitable drive mechanism (not 
shown). The magazine is tied to the turret basket 
floor and thus moves with the gun and autoloader 
in azimuth. 

FIGURE 3 illustrates that, while the autoloader 
is in its latched magazine position, changes in gun 
elevation do not affect the positional relationship of 
the autoloader and magazine; the guide tracks sim- 
ply sweeping past the autoloader as the gun ele- 
vates and depresses. When the autoloader is 
latched to the weapon pod in its ramming position 
of FIGURE 1 by a solenoid actuated latch 53 
(FIGURE 4), the trolley and rammer move with the 
gun in both azimuth and elevation. Intermediate 
these latched positions, the autoloader simply 
moves in the guide tracks as they follow changes 
in gun elevation. It will be noted that the length of 
the feed path varies with gun elevation. As is 
apparent from FIGURE 3, at zero elevation the feed 
path between the magazine and gun is significantly 
longer than at an elevated position, such as a plus 
18° elevation. It is thus seen that autoloader 20 is 
capable of performing the steps of retrieving shells 
from magazine storage, feeding them to the gun 
and ramming them into the breech, all while the 
gun is at any elevation or while the gun is being 
elevated and depressed. Autoloader 20 is thus ca- 
pable of a high firing rate. 

To execute the maneuver illustrated in FIGURE 
4 of articulating rammer 48 and its shell 50 out of 
the open upper end of chute 40 into ramming 
position within pod 38 aft of the gun breech consis- 
tent with the imposed space limitations, the ram- 
mer is pivotally mounted to trolley 44. Referring to 
FIGURE 5, the trolley mounts two opposed sets of 
three guide rollers 56a, 56b and 56c, which run in 
the two guide tracks 46. The pair of opposed 
rollers 56c are mounted on a cross shaft 57 which, 
as seen in FIGURE 4, serves as an axle pivotal 
mounting the rammer to the trolley. The rammer 
mounts a pair of opposed guide rollers 58 which 
also run in the guide tracks until the start of the 
pivot maneuver when they exit the upper ends of 
the tracks. One end of a trolley link 60 is pivotally 
connected to the trolley at 60a, while its other end 
is pivotally connected to one end of a rammer link 
62. The pivotal connection of these two links also 
serves to mount a trolley cam roller 64 riding on a 
cam surface 66 provided by the inner wall of one 
of the guide tracks. The other end of link 62 is 
pivotally connected to a rammer control arm 68 
provided as a rigid extension of the rammer. 
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FIGURE 5 shows trolley 44 in its gun loading 
position with rammer 48 pivoted away to its ram- 
ming position, it is seen that cam roller 64 has 
been diverted from cam surface 66 into a cam 
track 70 diverging inwardly away from one of the 
guide tracks 46. This is seen to articulate links 60 
and 62 such as exert a moment on rammer control 
arm 68 to produce controlled pivoting motion of the 
rammer about cross shaft 57 in the illustrated cloc- 
kwise direction. Note that rammer guide rollers 58 
have exited the upper ends of the guide tracks to 
free the rammer for this pivoting motion progres- 
sively into its ramming position as cam roller 64 
runs up in cam track 70. 

To propel the trolley 44 along its guide tracks 
46, an electric motor 74, mounted to the trolley 
frame as seen in FIGURE 1, drives a pair of output 
pinions 76 which engage sector gear 78 formed in 
the outer walls of the two guide tracks 46. These 
dual output pinions 76 are commonly driven by the 
motor in meshing engagement with the two guide 
track sector gears 78 to produce smooth, non- 
binding motion in the guide tracks. The output 
pinions are permitted to free-wheel when the trolley 
is latched in either of its magazine and gun loading 
positions to accommodate movements of the sec- 
tor gear and guide tracks with elevational motion of 
the gun. 

Rammer 48 includes, as seen in FIGURE 6, a 
generally tubular housing consisting of an upper 
half and a lower half united by bolts 99. The upper 
housing half is formed with lateral extensions 100 
for mounting at their ends the rammer guide rollers 
58 also seen in FIGURE 5, which run in guide 
tracks 46 prior to the rammer pivoting motion. The 
housing also mounts a pair of longitudinally spaced 
sprockets 102 about which an endless chain 104 is 
trained, as seen in FIGURE 9. An electric motor 
106 (FIGURE 6), mounted by the rammer housing, 
drives the forward sprocket to power two rammer 
stages. The tubular portion 109 of the rammer 
housing is sized to receive a shell in close fitting 
relation to provide support and guidance therefor. 

As seen in FIGURE 7, rammer 48 includes a 
rear rammer stage, generally indicated at 110, hav- 
ing a base 112 and a pair of forwardly extending 
rails 114a and 114b which are slidingly received in 
trackways 116 formed in lower housing half 98b 
(FIGURE 6). The base provides underlying support 
for the case rim of a shell and also serves as a 
ramming element propelling the shell toward the 
gun breech. As seen in FIGURE 8, adjacent the 
junction of rail 114b with base 112, an extractor 
pawl 118 is pivotally mounted with its tip 118a 
biased inwardly by a spring 120 to catch the front 
edge of the case rim 50a of a shell 50 residing in 
the tubular rammer housing. The case rim is thus 
captured between the рамі tip and base 112 to 
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positively control the shell position during shell- 
feeding autoloader movement between its maga- 
zine and gun positions and rammer pivotal move- 
ment into its ramming position. As seen in FIGURE 
7, an accelerator link 122 is pivotally mounted by a 
pin 123 to the forward end of rail 114b and is 
provided with a pair of notches 122a and 122b, the 
latter positioned when the link is swung away from 
rail 114b to pick up a drive pin 134 (FIGURE 9) 
carried by chain 104. As the drive pin moves with 
the inner chain run toward the rear sprocket, which 
occurs during trolley motion toward its gun loading 
position at a time when space is available in the 
chute and weapon pod, the rear rammer stage is 
driven rearwardly from its phantom line nested 
position in the rammer housing to its solid line 
extended position seen in FIGURE 5. Once the rear 
rammer stage reaches its full rearward extension, 
the rammer motion is halted with drive pin 134 still 
latched in the accelerator link notch 122b to await 
the call for a ramming stroke. The rear rammer 
extractor pawl 118 of FIGURE 8 ensures that the 
shell follows the rear rammer stage to its extended 
position. 

The undersides of the rails are formed with 
rack gears 124 which mesh with spur gears 126 
keyed to the ends of a cross shaft 128 journalled 
by the lower rammer housing half. Thus, driving 
power applied by chain 104 to stroke the rear 
rammer stage is distributed equally to the rails via 
these spur and rack gears to assure smooth, non- 
binding motion. 

The forward rammer stage consists of a extrac- 
tor pawl 130 and a rammer pawl 132 pivotally 
mounted by chain 104 in proximately spaced rela- 
tion, as seen in FIGURE 9. These pawls are spring 
biased outwardly to position their tips in closely 
straddling relation with the case rim 50a of a shell 
50 residing in the tubular rammer housing. When 
the chain is driven in the clockwise direction, such 
that its inner run proximate the shell is moving 
rearwardly (rightward in FIGURE 9), extractor pawl 
130 swings around the forward sprocket 102 to 
catch the forward edge of the case rim and propel 
the shell rearwardly toward the rear rammer stage 
in its telescoped forward position. It will be appre- 
ciated that rammer pawl 132 is depressed by the 
shell rim as it swings around the forward sprocket 
in advance of the extractor pawl. This operation 
occurs when the autoloader is in its magazine 
position to retrieve a shell from magazine 52 as 
described in connection with FIGURE 3. 

When chain 104 is driven in the opposite direc- 
tion, such that its inner run is moving in the forward 
direction, extractor pawl 130 is depressed by the 
shell rim as it swings counterclockwise around the 
rear sprocket, clearing the way for rammer pawl 
132 to catch the rear edge of the case rim and 
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propel the shell forwardly. This action occurs dur- 
ing the forward stroke of the forward rammer stage, 
which is the second half of the ramming stroke to 
propel the shell into the gun breech; the forward 
stroke of the rear rammer constituting the first half 
of the ramming stroke. FIGURE 9 also shows the 
relationship of pawls 130 and 132 to the rear ram- 
mer stage drive pin 134 carried by chain 104. 

The smooth transfer or handoff of the shell 
from the rear rammer stage to the forward rammer 
stage when the second half of the ramming stroke 
takes over from the first half is illustrated in FIG- 
URES 10 and 11. At the moment forward rammer 
pawl 132 swings counterclockwise around the rear 
sprocket to take over forward driving engagement 
with the case rim 50a from base 112, the tip 118a 
of the rear extractor pawl is being swung away 
from the case rim by engagement of the rear 
extractor pawl with a cam surface 142 formed on 
the rammer housing 98. At the same time, drive pin 
134 swings counterclockwise around the forward 
sprocket, bringing with it the accelerator link. The 
rear rammer stage is thus smoothly decelerated 
from the chain speed to a stop as drive pin dis- 
engages from accelerator link notch 122b. 

The handoff of a shell from the forward rammer 
stage to the rear rammer stage during the maga- 
zine loading step is effected basically in a reverse 
manner. The drive pin picks up the accelerator link 
to accelerate the rear rammer stage up to chain 
speed. Upon achieving chain speed, which is 
slower than the chain speed during the ramming 
stroke, the rear extractor pawl is in position relative 
to the front edge of the case rim to take over shell 
retraction from the front extractor pawl as it starts 
around the rear sprocket and swings away from the 
case rim. Thus, the shell is smoothly handed off 
from the front rammer stage to the rear rammer 
stage to complete retrieval of a shell from the 
magazine. Typically, the rear rammer stage will 
only execute a partial rearward stroke sufficient to 
acquire positive control of the shell and to clear the 
shell from the tilted up magazine tube (FIGURE 3). 
This rearward stroke is completed when space 
becomes available during the shell transfer step. 

When the shell is released by the ramming 
pawl of the front rammer stage to conclude the 
forward stroke of the rammer, the shell casing has 
sufficiently entered the gun bore to permit the shell 
to coast into its fully loaded position, in the process 
triggering the breech mechanism extractors to ini- 
tiate breech closure. To ensure shell alignment as 
it coasts from the front rammer stage into the gun 
breech, the rammer incorporates a guide tongue 
146 seen in FIGURE 5. The guide tongue is slidin- 
gly received in a keyway 148 formed in lower 
rammer housing half 98b (FIGURE 6). The under- 
side of the guide tongue is machined to provide a 
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rack gear 150. When the rammer is pivoted into its 
ramming position in reaction to cam roller 64 mov- 
ing into cam track 70 (FIGURE 5), the swinging 
motion of a sector gear 164 drives the guide 
tongue forwardly to an extended position via an 
interconnecting gear train (not shown). When the 
rammer pivots back to its closed position with 
respect to the trolley as the autoloader departs its 
gun position, the sector gear swings in the opposite 
direction to retract the guide tongue to its telescop- 
ed, stowed position within the rammer housing. In 
addition to aligning a shell during the ramming 
step, the guide tongue serves to guide a previously 
committed shell as it is ejected back out to the first 
rammer stage. A buffer (not shown) is incorporated 
in the rammer to absorb the impact of the ejected 
shell and bring it to rest within the rammer tube. 
The rammer stages then operate in the same man- 
ner as when retrieving a shell from the magazine to 
position the shell on the rammer for movement 
back to the magazine. The rammer then executes a 
slow speed ramming stroke to return the shell to 
magazine storage. 

In an alternative embodiment of the present 
invention, an autoloading apparatus, generally in- 
dicated at 210 in FIGURE 12, is illustrated in its 
application to an armored vehicle or tank 212 hav- 
ing an armored turret, generally indicated at 214, 
which is mounted to the tank deck 16 via bearings 
217 for azimuthal revolving movement. The turret, 
in turn, mounts a cannon 218, via trunnions 220, for 
independent pivotal movement in elevation. Auto- 
loading apparatus 210 is also mounted to the turret 
and contained by the turret basket 222. The auto- 
loading apparatus includes a trolley 224 which is 
controlled in vertical movement by a pitch and roll 
guide track 226 and yaw guide track 228. As seen 
in FIGURE 13, these guide tracks are anchored at 
their lower ends to the basket floor 229 and at their 
upper ends to the turret roof 230. Guide track 226 
includes а straight lower vertical section 226a 
which blends into an arcuate upper vertical section 
226b. The arcuate section has a constant radius of 
curvature centered on the cannon elevation axis 
constituted by trunnions 220. Similarly, guide track 
228 includes a straight lower vertical section 228a 
blending into an arcuate upper vertical section 
228b whose constant radius of curvature is also 
centered on the cannon elevation axis. 

As best seen in FIGURE 13, trolley 224 
rotatably mounts a pair of vertically spaced rollers 
232 at its forward end, which run in a channel- 
shaped guideway 234 of guide track 226 to control 
pitch motion of the trolley during its vertical move- 
ment. Just rearwardly of the rollers, the trolley 
mounts a pair of vertically spaced guide blocks 236 
provided with grooves 237 to receive in close- 
fitting, sliding relation a continuous, rearwardly 
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turned rim 238 (FIGURE 14) of track 226. The rim- 
engaging guide blocks preclude rolling motion of 
the trolley during vertical movement. To prevent 
yawing motion of the trolley, it is equipped at its 
rearward end with a single guide block 240 which 
is grooved at 241 to receive in close-fitting, sliding 
relation a forwardly turned flange 242 of guide 
track 228. To propel vertical movement of the 
trolley, an electric motor drive unit 244 is pivotally 
mounted to the basket floor 229 by a bracket 245. 
The drive unit turns an elongated ball screw 246 
extending upwardly between guide tracks 226 and 
228 to a free end terminating just short of the turret 
roof 230, as seen in FIGURES 12 and 13. Meshing 
with this ball screw is a ball nut 248 pivotally 
mounted to the trolley. From the description thus 
far, it is seen that bidirectional rotation of the ball 
screw by the motor drive unit propels the trolley up 
and down the guide tracks, with the ball screw 
swinging on its lower end pivotal mounting to the 
basket floor and the ball nut turning on its pivotal 
mounting to the trolley to accommodate articulation 
of the trolley as it moves along the straight and 
arcuate sections of the guide tracks. 

Mounted to the trolley is a rammer 250 
equipped to extract ammunition rounds from stor- 
age tubes 252 of a magazine, generally indicated 
at 254. The magazine includes a carousel conveyor 
(not shown) operating to bring a storage tube con- 
taining a selected ammunition round to a predeter- 
mined unloading position shown in FIGURE 13. 

It will be appreciated that, by virtue of the 
arcuate guide track sections being located on re- 
spective radii with the cannon elevation axis, load- 
ing can be accomplished regardless of the angle in 
elevation or depression the cannon is positioned to. 
Moreover, the steps of retrieving an ammunition 
round from the magazine and transferring the 
round toward the cannon breech may be ongoing 
with the cannon at any position or while elevating 
or depressing. Note that the length of the round 
transfer path from magazine to cannon breech var- 
ies with cannon elevation. Thus, autoloader 210 has 
the same capabilities as autoloader 20 of FIGURE 
1 to afford a dramatic increase in firing rate as 
compared to prior art autoloaders. 

As illustrated in FIGURE 14, rammer 250 is 
rotatably mounted to trolley 224 by an axle in- 
dicated at 256. The trolley carriers a motor 258 
which drives, via a pinion gear 259, a spur gear 
260 affixed to the rammer in concentric relation 
with the axle to rotate the rammer end for end. This 
faculty enables the rammer to retrieve rounds from 
ammunition magazines 262 and 264 located in a 
hull storage area and a bustle storage area, respec- 
tively, as illustrated in FIGURE 15. To access mag- 
azine 262 in the hull storage area, trolley 224 is 
driven to a lower position with its rollers 232 in the 
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portion of trackway 234 in straight section 226a, 
thus positioning the rammer in an essentially hori- 
zontal orientation. This trolley position may also be 
utilized to access turret magazine 254, if oriented 
horizontally rather than tilted downwardly as illus- 
trated in FIGURE 13. It will be appreciated that, 
since hull storage magazine 262 does not revolve 
with the cannon, the turret will have to be located 
in a predetermined azimuth position to enable the 
rammer to retrieve rounds therefrom. This limita- 
tion, of course, does not apply when retrieving 
rounds from the turret and bustle magazines. A 
solenoid latch 266, seen in FIGURES 13 and 14, 
serves to releaseably lock the rammer to the trolley 
in requisite pitch position for ramming an ammuni- 
tion round into the cannon breech and for extract- 
ing rounds from a magazine. 

Rammer 250, as detailed in FIGURES 16 and 
17, includes a housing generally indicated at 268 
having an elongated rammer tube 270 for slidingly 
receiving an ammunition round in the form of a 
projectile 272 for cannon 218 configured as a liquid 
propellant gun. A rammer head 274 is also slidingly 
received in the rammer tube and is shown in its 
retracted position in FIGURE 16. The lower portion 
of the rammer tube opens into a trough in which 
are formed opposed guideways 278 for receiving 
laterally extending guides 280 of a slider generally 
indicated at 282. A pair of upstanding slider arms 
284 carry between its upper ends a shaft 285 for 
journalling a sprocket 288. The lower portion of the 
slider is threaded to provide a ballnut 290 in mesh- 
ing engagement with a ballscrew 292 extending 
through the trough and journalled at its forward end 
by bearing 294 mounted by the housing 268, as 
seen in FIGURES 16 and 17. An electric motor 
296, carried by the rammer housing as seen in 
FIGURE 14, drives the ballscrew via a spur gear 
298 keyed to its forward end to reciprocate slider 
282 parallel to the axis of the rammer tube 270. 

А stiff-backed chain 300 is pinned at its for- 
ward end to the housing, as indicated at 301, and 
extends rearwardly through the housing trough and 
around sprocket 288 to its rearward end pinned to 
rammer head 274, as indicated at 302. The portion 
of the chain in the trough is backed by an elon- 
gated channel-shaped support 304 mounted in the 
trough by pins 301 and 303 and extending between 
the slider arms. The characteristic of a stiff-backed 
chain is that its links will readily pivot in only one 
direction. Thus, chain 300 can pivot inwardly to 
train around sprocket 288, but will not sag out- 
wardly. Thus, a linear section will remain stiff to 
serve as a linear drive element as long as it is 
backed against outward buckling movement. 

As seen in FIGURE 16, a solenoid actuated 
gripper 306 is carried at the face of rammer head 
274 for releaseably engaging a handling plug 308 
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provided at the tail end of the projectile 272. A 
cable 310 is threaded through stiff-backed chain 
300 for electrically actuating gripper 306 to grip 
and release handling plug 308 as required. 

From the foregoing description of rammer 250, 
it is seen that, with rammer head 274 in its re- 
tracted position of FIGURE 16, forward rotation of 
ball screw 292 by motor 296 propels slider 282 
forwardly. The slider sprocket 288 rolls on the 
portion of chain 300 in trough 276, causing chain 
end 302 pinned to rammer head 274 to move 
forwardly away from the sprocket. Since the chain 
is backed by rammer tube 270, it remains stiff to 
propel the rammer head forwardly at twice the 
forward speed of the slider as the chain length 
between the sprocket and rammer head increases. 
FIGURE 17 shows slider 282 in its forwardmost 
position and rammer head 274 fully extended by 
stiff-backed chain 300 out of the forward end of 
rammer tube 270 and into breech 218a to load 
projectile 272 into the cannon. Gripper 306 is then 
released, and the ballscrew is driven in the reverse 
direction to draw the rammer back to its retracted 
position of FIGURE 16. Note that the rammer head 
has sufficient axial length to bridge the gap be- 
tween the rammer tube and the breech bore and 
thus positive guidance of the rammer head during 
this transition is maintained. As the rammer head 
extends to its fully extended position to ram the 
projectile home, backing for the stiff-backed chain 
is provided by the breech bore. 

To retrieve a projectile from a magazine stor- 
age tube 252, the rammer head is propelled for- 
wardly out of the rammer tube and into the storage 
tube in the same manner as for a ramming stroke. 
The gripper 306 is actuated to grip the projectile 
handling plug 308, and the rammer head is drawn 
back to its position of FIGURE 16, pulling the 
projectile out of the storage tube and into the 
rammer tube where it is held under positive control 
during movement along the transfer path to the 
trolley loading position, as well as during end-for- 
end rotation of the rammer by motor 258 (FIGURE 
14) after retrieval of a projectile from bustle and 
hull storage magazines. In the same manner that a 
projectile is retrieved from one of the various mag- 
azines and loaded into the cannon, the autoloading 
apparatus of the invention can be controlled to 
retrieve a committed, but unfired projectile from the 
cannon breech and return it to magazine storage. 

It is from the foregoing that the objectives set 
forth, including those made apparent from the De- 
tailed Description, are efficiently attained, and, 
since certain changes may be made in the con- 
struction set forth without departing from the scope 
of the present invention as defined in the claims, it 
is intended that matters of detail be taken as illus- 
trative and not in a limiting sense. 
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Claims 


1. Automated apparatus (20, 210) for loading 
shells (50) into the breech (36) of a gun (32, 
218) mounted by the revolving turret (24, 214) 
of an armored vehicle (22, 212), said apparatus 
comprising, in combination: 

A. a shell storage magazine (52, 254) moun- 
ted by the turret at a location beneath the 
gun breech; 

В. a trolley (44, 224); 

C. a rammer (48, 250) including means for 
gripping a shell (130, 132, 306); 

D. a pair of arcuate guide tracks (46, 226, 
228) mounted for movement in azimuth with 
the gun and having a radius of curvature 
centered on the elevating axis (34, 220) of 
the gun, said guide tracks guiding said trol- 
ley during movement between a magazine 
position and a gun loading position, said 
rammer being activated with said trolley in 
said gun loading position to ram the shell 
into the gun breech with said gripping 
means, thereby to permit shell ramming into 
the gun breech without regard to gun eleva- 
tion; characterized by said rammer being 
mounted by said trolley and activated with 
said trolley in such magazine position to 
extract a shell from said magazine with said 
gripping means, thereby to permit extraction 
from said magazine. 


2. The automated loading apparatus defined in 
Claim 1, wherein said guide tracks are moun- 
ted by structure (40, 229, 230) movable in 
elevation with the gun. 


3. The automated loading apparatus defined in 
Claim 2, which further includes means for 
latching (51) said trolley to the turret while in 
said magazine position, thereby fixing the trol- 
ley position relative to said magazine despite 
movement of said guide tracks during elevat- 
ing motion of the gun. 


4. The automated loading apparatus defined in 
Claim 3, wherein said rammer is pivotally 
mounted to said trolley, said apparatus further 
includes means for pivoting (70, 64) said ram- 
mer relative to said trolley into a ramming 
position aligning a shell held by said gripping 
means with the gun boreline as said trolley 
achieves said gun loading position. 


5. The automated loading apparatus defined in 
Claim 4, wherein said pivoting means includes 
a cam track (70) commonly mounted with at 
least one of said guide tracks, and a cam roller 
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(64) running in said cam track (70) and linked 
with said trolley and rammer. 


The automated loading apparatus defined in 
Claim 5, which further includes an electric trol- 
ley motor (74) carried by said trolley for pro- 
pelling said trolley between said magazine and 
gun loading positions and an electric rammer 
motor (106) carried by said rammer for activat- 
ing said gripping means in extracting a shell 
from said magazine and ramming the shell into 
the gun breech. 


The automated loading apparatus defined in 
Claim 1, which includes first (226) and second 
(228) arcuate guide tracks fixedly vertically 
mounted to said turret for controlling pitch, roll 
and yaw motions of said trolley during move- 
ment between said magazine and cannon load- 
ing positions. 


The automated loading apparatus defined in 
Claim 7, wherein said rammer is pivotally 
mounted to said trolley, said apparatus further 
includes means for pivoting (258, 259, 260) 
said rammer relative to said trolley into posi- 
tion to extract ammunition rounds from a stor- 
age magazine in at least one of rearward tank 
hull and turret bustle storage locations. 


The automated loading apparatus defined in 
Claims 7 or 8, which further includes an elec- 
tric trolley motor (244), an upright ballscrew 
(246) pivotally mounted at a lower end to the 
turret floor, and a ballnut (248) mounted by 
said trolley, whereby rotation of said ballscrew 
by said trolley motor propels said trolley be- 
tween said magazine and gun loading posi- 
tions. 


The automated loading apparatus defined in 
Claim 9, wherein said first guide track includes 
a coextensive channel-shaped trackway (234) 
and a coextensive rim (238), said trolley in- 
cludes a pair of vertically spaced rollers (232) 
running in said trackway to control pitching 
motion of said trolley and a pair of vertically 
spaced guide blocks (236) having slots in 
which said rim is received to prevent rolling 
motion of said trolley, and said second guide 
track is located rearwardly of said first guide 
track and includes a coextensive flange (242), 
and said trolley further including at least one 
rearwardly located guide block (240) having a 
slot (241) in which said flange (242) is received 
to prevent yawing motion of said trolley. 
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Patentanspruche 


1. 


Automatisierte Einrichtung (20, 210) zum La- 
den von Patronen (50) in das VerschluBstück 
(36) von einem Geschütz (32, 218), das auf 
dem Drehturm (24, 214) von einem gepanzer- 
ten Fahrzeug (22, 212) angebracht ist, wobei 
die Einrichtung in Kombination enthált: 
A. ein Patronenspeichermagazin (52, 254), 
das durch den Turm an einer Stelle unter 
dem VerschluBstück des Geschútzes ange- 
bracht ist; 
В. einen Förderschacht (44, 224); 
С. einen Stößel (48, 250), der eine Einrich- 
tung zum Ergreifen einer Patrone (130, 132, 
306) aufweist; 
D. ein Paar bogenförmiger FUhrungsschie- 
nen (46, 226, 228), die für eine Bewegung 
im Azimuth mit dem Geschütz angebracht 
ist und einen Krümmungsradius aufweist, 
der auf der Höhenachse (34, 220) des Ge- 
schützes zentriert ist, wobei die Führungs- 
schienen den Förderschacht während einer 
Bewegung zwischen einer Magazinstellung 
und einer Geschützladestellung führen, wo- 
bei der Stößel aktiviert ist, wenn der Förder- 
schacht in der Geschützladestellung ist, um 
die Patrone in das Verschlußstück des Ge- 
schützes mit der Greifeinrichtung zu stoßen, 
um dadurch ein Stoßen einer Patrone in das 
Verschlußstück des Geschützes unabhängig 
von der Geschützhöhe zu gestatten; da- 
durch gekennzeichnet, daß der Stößel durch 
den Förderschacht angebracht und aktiviert 
ist, wenn der Förderschacht in der Magazin- 
position ist, um eine Patrone aus dem Ma- 
gazin mit der Greifeinrichtung herauszuzie- 
hen, um dadurch ein Herausziehen aus dem 
Magazin zu gestatten. 


Automatisierte Ladeeinrichtung nach Anspruch 
1, wobei die Führungsschienen durch eine 
Struktur (40, 229, 230) angebracht ist, die in 
der Höhe mit dem Geschütz bewegbar ist. 


Automatisierte Ladeeinrichtung nach Anspruch 
2, wobei ferner eine Einrichtung (51) vorgese- 
hen ist zum Verriegeln des Förderschachtes 
mit dem Turm, während dieser in der Magazin- 
position ist, um dadurch die Position des För- 
derschachtes relativ zum Magazin unabhängig 
von einer Bewegung der Führungsschienen 
während einer Höhenbewegung des Geschüt- 
zes zu fixieren. 


Automatisierte Ladeeinrichtung nach Anspruch 
3, wobei der Stößel schwenkbar an dem För- 
derschacht angebracht ist, wobei die Einrich- 
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tung ferner Mittel (70, 64) aufweist zum 
Schwenken des Stößels relativ zum Förder- 
schacht in eine Stoßposition, wobei eine Patro- 
ne, die durch die Greifeinrichtung gehalten ist, 
mit der Bohrungslinie des Geschützes ausge- 
richtet ist, wenn der Förderschacht die Ge- 
schützladestellung erreicht. 


Automatisierte Ladeeinrichtung nach Anspruch 
4, wobei die Schwenkeinrichtung eine Nocken- 
bahn (70), die gemeinsam mit wenigstens ei- 
ner der Führungsschienen angebracht ist, und 
eine Nockenrolle (64) aufweist, die in der Nok- 
kenbahn (70) läuft und mit dem Förderschacht 
und dem Stößel verbunden ist. 


Automatisierte Ladeeinrichtung nach Anspruch 
5, wobei ferner ein elektrischer Förderschacht- 
motor (74), der durch den Förderschacht ge- 
tragen ist, zum Antreiben des Förderschachtes 
zwischen den Magazin- und Geschützladestel- 
lungen, und ein elektrischer Stößelmotor (106) 
vorgesehen sind, der durch den Stößel getra- 
gen ist, zum Aktivieren der Greifeinrichtung 
beim Herausziehen einer Patrone aus dem Ma- 
gazin und beim Stoßen der Patrone in das 
Verschlußstück des Geschützes. 


Automatisierte Ladeeinrichtung nach Anspruch 
1, wobei erste (226) und zweite (228) bogen- 
förmige Führungsschienen vorgesehen sind, 
die vertikal an dem Turm fest angebracht sind 
zum Steuern von Höhen-, Roll- und Gierbewe- 
gungen des Förderschachtes während einer 
Bewegung zwischen den Magazin- und Ge- 
schützladestellungen. 


Automatisierte Ladeeinrichtung nach Anspruch 
7, wobei der Stößel schwenkbar an dem För- 
derschacht angebracht ist, wobei die Einrich- 
tung (258, 259, 260) ferner eine Einrichtung 
aufweist zum Schwenken des Stößels relativ 
zu dem Förderschacht in eine Position, um 
Munitionspatronen aus dem Speichermagazin 
in wenigstens einer von rückwärtigen Tankka- 
sten- und Turmringspeicherstellen herauszu- 
ziehen. 


Automatisierte Ladeeinrichtung nach Anspruch 
7 oder 8, wobei ferner ein elektrischer Förder- 
schachtmotor (244), eine aufrechte Kugelsch- 
raube (246), die an einem unteren Ende an 
dem Turmboden schwenkbar angebracht ist, 
und eine Kugelmutter (248) vorgesehen sind, 
die an dem Förderschacht angebracht ist, wo- 
bei eine Drehung der Kugelschraube durch 
den Förderschachtmotor den Förderschacht 
zwischen den Magazin- und Geschützladestel- 
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lungen antreibt. 


Automatisierte Ladeeinrichtung nach Anspruch 
9, wobei die erste Führungsschiene eine koex- 
tensive kanalförmige Führungsbahn (234) und 
einen koextensiven Rand (238) aufweist, der 
Turm ein Paar vertikal im Abstand angeordnete 
Rollen (232), die in der Führungsbahn laufen, 
um eine Steigungsbewegung des Förder- 
schachtes zu steuern, und ein Paar vertikal im 
Abstand angeordneter Führungsblöcke (236) 
mit Schlitzen aufweist, in denen der Rand auf- 
genommen ist, um eine Rollbewegung des 
Förderschachtes zu verhindern, und die zweite 
Führungsschiene hinter der ersten Führungs- 
schiene angeordnet ist und einen koextensiven 
Flansch (242) aufweist, und der Förderschacht 
ferner wenigstens einen rückwärtig angeordne- 
ten Führungsblock (240) mit einem Schlitz 
(241) aufweist, in dem der Flansch (242) auf- 
genommen ist, um eine Gierbewegung des 
Förderschachtes zu verhindern. 


Revendications 


Appareil automatique (20, 210) pour le charge- 
ment d'obus (50) dans la culasse (36) d'un 
canon (32, 218) supporté par la tourelle rotati- 
ve (24, 214) d'un véhicule blindé (22, 212), 
ledit appareil comprenant, en combinaison : 
A. un magasin (52, 254), de stockage 
d'obus supporté par la tourelle à un endroit 
situé en dessous de la culasse du canon; 
B. un chariot (44, 224); 
C. un refouloir (48, 250) comprenant un 
moyen (130, 132, 306) de saisie d'obus; 
D. une paire de pistes de guidage arquée 
(46, 226, 228) montée en vue d'un déplace- 
ment en azimuth avec le canon et ayant un 
rayon de courbure centré sur l'axe (34, 220) 
de pivotement en hauteur du canon, lesdi- 
tes pistes de guidage guidant ledit chariot 
pendant son déplacement entre une posi- 
tion de magasin et une position de charge- 
ment de canon, ledit refouloir étant activé 
avec ledit chariot dans ladite position de 
chargement de canon pour refouler l'obus 
dans la culasse du canon à l'aide dudit 
moyen de saisie, en permettant ainsi le 
refoulement de l'obus dans la culasse du 
canon indépendamment de la hausse du 
canon; caractérisé par le fait que ledit refou- 
loir est supporté par ledit chariot et qu'il est 
activé avec ledit chariot dans la position de 
magasin précitée pour extraire un obus du- 
dit magasin à l'aide dudit moyen de saisie, 
de manière à permettre ainsi une extraction 
à partir dudit magasin. 


17 EP 0 522 831 B1 


Appareil de chargement automatique selon la 
revendication 1, dans lequel lesdites pistes de 
guidage sont supportées par une structure (40, 
229, 230) pointée en hauteur avec le canon. 


Appareil de chargement automatique selon la 
revendication 2, comprenant en outre un 
moyen pour verrouiller (51) ledit chariot sur la 
tourelle pendant qu'il se trouve dans la position 
de magasin, en fixant ainsi la position du cha- 
riot par rapport audit magasin en dépit du 
déplacement desdites pistes de guidage pen- 
dant le pointage en hauteur du canon. 


Appareil de chargement automatique selon la 
revendication 3, dans lequel ledit refouloir est 
monté de facon pivotante sur ledit chariot, ledit 
appareil comprenant, en outre, un moyen (70, 
64) pour faire pivoter ledit refouloir par rapport 
audit chariot jusqu'à ce qu'il vienne dans une 
position de refoulement alignant un obus sup- 
porté par ledit moyen de saisie avec l'âme du 
canon lorsque ledit chariot prend ladite posi- 
tion de chargement de canon. 


Appareil de chargement automatique selon la 
revendication 4, dans lequel ledit moyen de 
pivotement comprend une piste formant came 
(70) montée en commun avec au moins une 
desdites pistes de guidage, et un galet (64) de 
came roulant dans ladite piste formant came 
(70) et associé audit chariot et au refouloir. 


Appareil de chargement automatique selon la 
revendication 5, comprenant, en outre, un mo- 
teur électrique (74) de chariot supporté par 
ledit chariot pour propulser ce chariot entre 
lesdites positions de magasin et de charge- 
ment de canon et un moteur électrique (106) 
de refouloir supporté par ledit refouloir en vue 
d'activer ledit moyen de saisie pour extraire un 
obus dudit magasin et refouler l'obus dans la 
culasse du canon. 


Appareil de chargement automatique défini par 
la revendication 1, comprenant des première 
(226) et seconde (228) pistes de guidage ar- 
quées montées de façon fixe dans le sens 
vertical sur ladite tourelle pour régler les mou- 
vements de tangage, de roulis et de lacets 
dudit chariot pendant son déplacement entre 
lesdites positions de magasin et de charge- 
ment de canon. 


Appareil de chargement automatique selon la 
revendication 7, dans lequel ledit refouloir est 
monté de façon pivotante sur ledit chariot, ledit 
appareil comprenant, en outre, un moyen (258, 
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259, 260) pour faire pivoter ledit refouloir par 
rapport audit chariot jusque dans une position 
d'extraction de cartouches de munition d'un 
magasin de stockage dans au moins l'un des 
endroits de stockage arrière de la carapace ou 
de la partie postérieure de la tourelle du char. 


Appareil de chargement automatique selon la 
revendication 7 ou 8, comprenant, en outre, un 
moteur électrique (244) de chariot, un vis à 
billes verticale (246) montée, de façon pivotan- 
te, sur l'extrémité inférieure du plancher de la 
tourelle, et un écrou à billes (248) supporté par 
ledit chariot, grâce à quoi la rotation de ladite 
vis à billes par ledit moteur du chariot propulse 
ledit chariot entre lesdites positions de charge- 
ment de magasin et de canon. 


Appareil de chargement automatique selon la 
revendication 9, dans lequel ladite première 
piste de guidage comprend une voie (234) en 
forme de U et de même étendue ainsi qu'un 
bord circulaire (230) de même étendue, ledit 
chariot comprenant une paire de galets (232) 
espacés verticalement et roulant dans ladite 
voie afin de contrôler le mouvement de tanga- 
ge dudit chariot et une paire de blocs de 
guidage (236) espacés verticalement et com- 
portant des fentes dans lesquelles ledit bord 
circulaire est logé pour empêcher le mouve- 
ment de roulis dudit chariot, et ladite seconde 
piste de guidage est située en arrière de ladite 
première piste de guidage et comprend un 
rebord (142) de même étendue, ledit chariot 
comprenant, en outre, au moins un bloc de 
guidage (240) situé en arrière et comportant 
une fente (241) dans laquelle ledit rebord (242) 
est logé pour empêcher un mouvement de 
lacets dudit chariot. 
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FIG. 17 


